and neutrophils to the injury site from small blood vessels. Monocytes, neutrophils and the products they release can stimulate type III and IV nerve endings, resulting in delayed-onset muscle soreness (DOMS).
Inflammation can induce the release of various cytokines such as interferon-gamma, interleukin (IL)-1 beta, IL-8, IL-6, and tumor necrosis factor alpha (TNF-α). [1] The purpose of the inflammatory response is to promote the healing of injured tissue. [2, 3] Inflammation-triggered phagocytosis can clean the necrotic muscle tissue, which plays an important role in the process of muscle repair and ultimately promotes the recovery of the tissue. However, excessive inflammation can cause the secondary damage to skeletal muscle. Thus, the inflammatory response in muscle recovery is a "double-edged sword" and controlling the inflammatory responses has become a potential therapeutic target for the alleviation of DOMS.
At present, therapeutic options for DOMS include Western anti-inflammatory medicines, application of either hot or old compresses, physiotherapy, and acupuncture. However, their reputed effects remain controversial. The inflammatory response is essential for the recovery process and cannot be inhibited completely. Effective treatment for DOMS must, therefore, ensure that an appropriate inflammatory response is maintained while limiting excessive inflammation to avoid secondary damage. Most anti-inflammatory drugs are relatively strong and could result in an over-suppression of inflammation. Traditional Chinese medicine (TCM) is known to be mild and to have less side effects. Currently, there are few studies that have focused on the effects of Chinese medicine on DOMS.
Dandelion contains plant-based cholesterol, has long been used clinically because of its diuretic and anti-inflammatory properties. [4] The study has shown that dandelion has acute anti-inflammatory activities and protects cholecystokinin-induced acute pancreatitis in rats. [5] Pharmaceutical compounds that have been identified in dandelion extract include phenolic acids and flavonoids. [6] [7] [8] [9] Studies have shown that some of these compounds have potential therapeutic effects in inflammation. [10] [11] [12] [13] Dandelion also contains triterpenes and sterols. [14, 15] Triterpenes are widely distributed in plants and are commonly identified as the major components responsible for anti-inflammatory effects. [16] [17] [18] Sterols have also been shown as good inhibitors of inflammation. [19, 20] However, the role of dandelion extract on skeletal muscle DOMS remains unknown. In this study, we investigated the effects of dandelion extract on skeletal muscle cell proliferation, as well as its ability to inhibit the inflammatory response to prevent secondary inflammation.
Methods

Preparation of dandelion extract, and primary rat skeletal muscle cell isolation and culture
Dandelion root was purchased from Guangxi Wuzhou Pharmaceutical (Group) Co., Ltd. (Guangxi, China). The dandelion was ground to a powder and soaked in different concentrations and volumes of solvents (water, ethanol, methanol, and chloroform), mixed and left to stand. The resulting supernatant was filtered, concentrated under reduced pressure at low temperature, and lyophilized to obtain dandelion extract powder. The extract was dissolved in cell culture medium to different concentrations (1.25, 2.5, 5, 10, 20, and 40 mg/ml).
Four-week-old SPF grade male Sprague-Dawley rats, average weight 200 ± 3 g, were purchased from Beijing Huafukang Bioscience Co., Ltd. (Huafukang Bioscience Co., Ltd., Beijing, China). Quadriceps were dissected out from both hindlimbs under sterile conditions. All adipose and connective tissue were removed and minced into small pieces, then digested in 0.25% trypsin with shaking and titration every 3-5 min. After 1 h, Dulbecco's Modified Eagle Medium (DMEM) containing 15% fetal bovine serum was added to stop the reaction. The digestion mix was then centrifuged at 800 rpm for 5 min. The supernatant was collected and filtered through a 100-µm nylon mesh. After filtration, the suspension was centrifuged again at 800 rpm for 5 min. The supernatant was discarded, and the pellet was resuspended in culture medium. Cells were seeded and cultured at 37°C with 5% CO 2 . All procedures were carried out following the Laboratory Animal Management Regulations published by People's Republic of China Science and Technology Commission. All protocols were approved by the Animal Care Committee at Shengjing Hospital of China Medical University (ID: 2015PS321K).
Cell counting kit-8
Cell activity was determined using Cell counting kit-8 (CCK-8; Solarbio Science and Technology Co., Ltd., Beijing, China). Skeletal muscle cells were seeded into 96-well plates at a density of 2 × 10 3 per well, with three replicate wells per group. After cells attached to wells, they were treated with different concentrations of dandelion extract (1.25, 2.5, 5, 10, 20, and 40 mg/ml) for various time points (1, 2, 3, 4, and 5 days). At the end of each time point, CCK-8 (10 µl/100 µl) was added into the desired wells and incubated for another 4 h. Absorbance values were assessed using a microplate reader at an absorbance of 450 nm. And then, according to the results of the previous experimental results obtained, the cells were treated with 0, lipopolysaccharide (LPS) with 5 mg/ml dandelion extract and LPS, CCK-8 (10 µl/100 µl) was added into the desired wells and incubated for another 4 h at 4 days. Absorbance values were assessed using a microplate reader at an absorbance of 450 nm.
Crystal violet staining
The effect of dandelion extract on the proliferation of rat skeletal muscle cells was assessed by crystal violet staining. Primary muscle cells were seeded into 6-well plates at a density of 2 × 10 5 per well. Cells were divided into three groups: control group, experimental group (LPS + dandelion extract), and positive control group (LPS alone). After cells attached to the wells, LPS (Solarbio Science and Technology Co., Ltd.) was added to the positive control, and experimental groups and cells were incubated overnight. The following day, media from control and experimental groups was replaced with media containing 5 mg/ml dandelion extract (based on CCK-8 results). Four days after the dandelion extract treatment, the media was aspirated, and cells were washed three times with phosphate-buffered saline (PBS; Hyclone, Utah, USA). Triton solution (0.2%) was added to each well and incubated at room temperature for 15 min. After incubation, Triton solution was replaced with crystal violet solution (Solarbio Science and Technology Co., Ltd.). Thirty minutes later, crystal violet solution was discarded, and cells were washed three times with PBS, before recording cell images.
Western blotting analysis
Western blotting analysis was employed to detect the level of expression of inflammatory factors in skeletal muscle cells. Cultured cells were passed into three flasks and as assigned to either control group, experimental group (LPS + dandelion extract), or positive control group (LPS alone). After cells were attached to flasks, LPS (0.1 µg/ml) was added to the positive control, and experimental groups and cells were incubated overnight. The next day, media from the control and experimental groups were replaced with media containing 5 mg/ml dandelion extract (based on CCK-8 results). Four days later, cells were harvested and incubated with protein lysis buffer on ice for 30 min. Cells then were centrifuged at 12,000 rpm for 30 min (4°C), and the supernatants were collected. A BCA assay kit (Beyotime Biotechnology, Shanghai, China) was used to measure the total protein concentration. After boiling at 100°C for 5 min, protein extracts were aliquoted and stored at −20°C until used for detection. Twenty µg of protein was separated by 10% sodium dodecyl sulfatepolyacrylamide gel electrophoresis and electrophoretically transferred to a polyvinylidene fluoride membrane at 100 V for various times, depending on the size of the proteins of interest. Membranes were blocked in Tris-buffered saline (TBS) containing 5% non-fat milk at room temperature for 2 h and then probed with either anti-IL-1β antibody (Proteintech, Chicago, USA; 1:2000 dilution), anti-IL-6 antibody (NOVUS, Colorado, USA; 1:1000 dilution), anti-TNF-α antibody (NOVUS, 1:1000 dilution), anti-Myogenin antibody (NOVUS, 1:1000 dilution), anti-MyoD1 antibody (Proteintech, Chicago, USA; 1:2000 dilution), anti-AKT antibody (Cell Signaling Technology, Boston, USA; 1:2000 dilution), anti-p-AKT antibody (Cell Signaling Technology, 1:1000 dilution), or anti-glyceraldehyde phosphate dehydrogenase antibody (Proteintech, 1:10000 dilution) at 4°C. After overnight incubation, membranes were washed three times with TBS and Tween 20 (TBST) and then incubated with an anti-rabbit secondary antibody (Proteintech, 1:5000 dilution) or an anti-mouse secondary antibody (Proteintech, 1:5000 dilution) at room temperature with gentle shaking for 2 h. After washing the membranes with TBST, ECL Western blotting substrate (Thermo Fisher Scientific, Waltham, MA, USA) was added to the membranes and images were collected using a C300 Chemiluminescent Blot Imaging System (Azure, USA). Absorbance values for each band were quantified.
Statistical analysis
All the data analyses were done using SPSS 19.0 (SPSS Inc., Chicago, IL, USA). Each experiment was repeated three times and data were presented as mean ± standard deviation (SD). The difference between each group was determined using a two-tailed Student's t-test and statistical significance was assessed at P < 0.05.
results
Dandelion extract enhanced the proliferation of rat skeletal muscle cells
Exponentially growing muscle cells (2 × 10 3 cells/100 µl) were seeded into 96-well plates and incubated with dandelion extract at different concentrations (0, 1.25, 2.5, 5, 10, 15, 20, 40 mg/ml) for different time periods (1, 2, 3, 4, and 5 days). Variability in cell numbers was detected using CCK-8 after treatment with various concentrations of the dandelion extract [ Figure 1 ]. A significant increase was shown in rat skeletal muscle cell number and activity 4 days after treatment with 5 mg/ml dandelion extract (t = 3.145, P < 0.05).
Lipopolysaccharide inhibited the proliferation of rat skeletal muscle cells
Exponentially growing muscle cells (2 × 10 3 cells/100 µl) were seeded into 96-well plates and incubated with 5 mg/ml dandelion extract for 4 days. Variability in cell numbers was detected using CCK-8 after treatment with various groups (0, LPS with 5 mg/ml dandelion extract, and LPS) [ Figure 2 ]. Our data showed a significant decrease in rat skeletal muscle cell number and activity 4 days after treatment with LPS compared with LPS + dandelion extract group (t = −131.959, P < 0.01), and also showed a significant The effect of various concentrations of dandelion extract on the proliferation of rat skeletal muscle cells. The group treated with 5 mg/ml dandelion extract for 4 days showed a significant increase in proliferation, while the group treated with 40 mg/ml for 4-5 days showed a significant reduction in proliferation. *P < 0.05. CON: Control.
increase in rat skeletal muscle cell number and activity 4 days after treatment with LPS and dandelion extract compared with control group (t = 19.466, P < 0.01).
Histological analysis of the effect of dandelion extract on rat skeletal muscle cells through crystal violet staining
Rat skeletal muscle cells were treated with 5 or 40 mg/ml dandelion extract for 4 days, and the cells were then stained with crystal violet. Cell images were obtained using a microscope with a 100 × magnification [ Figure 3 ]. When cells were treated with 5 mg/ml extract (B and b), cells numbers were significantly increased compared with the control group (A and a) . However, when cells were treated with 40 mg/ml extract (C and c), cells numbers decreased significantly compared with the control group. These results suggest that 5 mg/ml dandelion extract can enhance muscle cell proliferation.
Dandelion extract suppressed the release of inflammatory factors
The expression of IL-1β, IL-6, and TNF-α proteins was detected by Western blotting analysis [ Figure 4 ]. IL-1β, IL-6, and TNF-α in LPS groups were significantly increased than that in control groups, respectively (t = 9.118, P < 0.01; t = 4.346, P < 0.05; t = 15.806, P < 0.01), and IL-1β, IL-6, and TNF-α in LPS + dandelion groups were significant decreased than that in LPS groups, respectively (t = −3.710, P < 0.01; t = −3.348, P < 0.01; t = −2.823, P < 0.05). LPS-induced IL-1β, IL-6, and TNF-α expression was significantly inhibited by dandelion extract (5 mg/ml) treatment.
Effect of dandelion extract on AKT protein
The levels of AKT and p-AKT were evaluated using Western blotting. As shown in Figure 5 , compared with the control group, the protein levels of p-AKT in the LPS group were significantly increased than that in the control group (t = 4.432, P < 0.05). In dandelion extract (5 mg/ml) + LPS group, the protein levels of p-AKT were significantly decreased in compared with the LPS group (t = −3.618, P < 0.05).
Dandelion extract promoted the release of myogenic factors
Then, we explored the reason that how dandelion extract could promote proliferation of skeletal muscle cells. We detected the expression of myogenic factors including myogenin and MyoD1 proteins by Western blotting analysis [ Figure 6 ]. Myogenin in LPS group were decreased than that in control group (t = 3.300, P < 0.01) and in LPS + dandelion group (t = −3.207, P < 0.01), MyoD1 in LPS group were significantly decreased than that in control group (t = 4.039, P < 0.05) and in LPS + dandelion group (t = −3.160, P < 0.05). LPS+ dandelion extract (5 mg/ml) also promoted myogenin and MyoD1 expression significantly than control group and LPS group. dIscussIon DOMS is commonly accompanied by a series of changes in muscle tissue structure, physiology, and biochemistry. Secondary inflammation can aggravate the clinical symptoms of DOMS, including muscle aches and pains, and muscle weakness and swelling. This affects the endurance ability and strength of the muscle and ultimately leads to a decrease in work capacity and power output and hence sport and exercise performance, overall. [21] [22] [23] The inflammatory response during DOMS is triggered by mechanical disruption of sarcomeres, T-tubules, myofibrils, cytoskeletal proteins, and the sarcoplasmic reticulum. Inflammatory responses occur within 1 h of sustaining muscle injury and reach a peak at 48 h, but the extensive infiltration of monocytes and macrophages continued for 2-4 days. The primary symptoms of DOMS are thought to be mediated by leukocytes and cytokines, which play important roles not only in clearing cell debris, but also in disrupting myofilaments, cytosolic structures, and the membrane of damaged muscles. [24] In this study, we investigated whether the Chinese medicine, dandelion extract, can relieve skeletal muscle cell inflammation and stimulate skeletal muscle cell activity and proliferation. In the present study, we chose the commonly used LPS to induce an in vitro inflammatory model using primary skeletal muscle cells. LPS is a potent inducer of inflammation and a key mediator of the innate immune response. Stimulation of skeletal muscle cells by LPS leads to the production and secretion of cytokines and other inflammatory mediators, and subsequently promotes a proinflammatory response. [25] Dandelion has been widely used as a traditional medicine against various disorders. [26, 27] It has been found the phenolic compounds in dandelion including: luteolin, chrysoeriol, chicoric acid, and chlorogenic acid. [6] Among them, luteolin and chicoric acid are the most abundant phenolic compounds. Luteolin plays a role as an antioxidant, an anti-inflammatory agent, and a free radical scavenger. [28] Chicoric acid could decrease LPS-stimulated nuclear factor (NF)-κB level and TNF-α The effect of different groups on the proliferation of rat skeletal muscle cells. Compared with the control group, the group treated with LPS and 5 mg/ml dandelion extract for 4 days showed a significant increase in proliferation, while the group treated with LPS showed a significant reduction in proliferation compared with LPS + dandelion extract group. *P < 0.01. CON: Control; LPS: Lipopolysaccharide. production in macrophages. [29] Hence, we considered luteolin and chicoric acid may be the active ingredients of dandelion extract to anti-inflammatory in LPS-induced inflammatory reaction of skeletal muscle cells, in addition, also includes triterpenes and sterols. The ethanol reflux extraction method and high-performance liquid chromatography were employed for the preparation and analysis of dandelion extract which is a classic method to extract Chinese medicine. We further study found that LPS could inhibit cell activity and proliferation, and dandelion extract could against this inhibitory effect.
The inflammatory factors including IL-1β, IL-6, and TNF-α are a direct contributor to the persistent cellular infiltration at inflammatory sites and the induction of tissue destruction. Studies have shown that myocytes and other cells can release IL-1β, IL-6, and TNF-α when skeletal muscle is damaged. [30] [31] [32] [33] [34] [35] The role of IL-6 in exercise-induced skeletal muscle injury was suggested in studies of eccentric exercise (a common model of exercise-induced skeletal muscle damage). [31] Tomiya et al. [32] produced eccentric contraction of muscle through electrical stimulation. IL-6 was detected in The effect of 0, 5, and 40 mg/ml dandelion extract on the proliferation of rat skeletal muscle cells. The effect of 0, 5, and 40 mg/ml dandelion extract on the proliferation of rat skeletal muscle cells. After 4 days of treatment with 5 mg/ml dandelion extract a significant increase in proliferation of cells was seen, whereas 40 mg/ml extract had a strong inhibitory effect on proliferation of cells (A-C: images captured with camera; a-c, ×100). CON: Control.
the muscle cytoplasm 12 h after eccentric exercise, and it was also detected in inflammatory cells and proliferating satellite cells, [33] suggesting that the cytokine is associated with the inflammatory responses in eccentric exercise-induced muscle damage. Tracey et al. [34] found an increase in TNF-α release during skeletal muscle injury. Moreover, TNF-α has been shown to be important in the pathological process by recruiting other inflammatory cells and stimulating pain and cartilage breakdown. [35] This cytokine mediates the early inflammatory response by regulating the production of other cytokines, including IL-1β and IL-6. [7] In this study, we found that compared to the control group, dandelion extract significantly decreased LPS-induced expression of IL-1β, IL-6, and TNF-α in rat skeletal muscle cells, which is consistent with the study by Zhang et al. [36] However, the detecting targets including IL-1β, IL-6, TNF-α, and treatment time were different. These differences could be due to the different tissues with different blood supply, leading to the different concentration of drug administered. Another possible reason could be the different concentrations of treatments. Ma et al. [37] induced inflammation in the lung using LPS and found that the aqueous extract of dandelion significantly reduced the expression of IL-1β, IL-6, and TNF-α induced by LPS, which was consistent with our findings. Recently, Yang et al. [38] used dandelion to treat LPS-induced acute bronchitis in rats and found that the content of IL-6 and TNF-α in the bronchial tissue was significantly reduced after treatment, which agreed with our results. Another study published by Yang et al. [39] in 2016 also showed similar results. In the study by Xueshibojie et al., [40] dandelion significantly reduced smoking-induced lung inflammation and decreased the expressions of IL-1β, IL-6, and TNF-α. Numerous studies have shown that dandelion, as a traditional Chinese medicine, has significantly reduced the expression of inflammatory cytokines IL-1β, IL-6, and TNF-α, and relieved the inflammatory response in the body. Our study found that dandelion extract can significantly reduce the expression of IL-1β, IL-6, and TNF-α, and alleviate the LPS-induced inflammatory response in skeletal muscle cells.
Our study also found that dandelion extract, is able to enhance the proliferation of rat skeletal muscle cells, and significantly increase the myogenin and MyoD1 protein expression. We showed that dandelion extract had the strongest effect at a concentration of 5 mg/ml. Interestingly, studies have shown that TNF plays a role in the regulation of muscle formation and is an essential regulator in the early stages of myoblast differentiation through the p38 MAPK pathway. [41, 42] However, there are also studies that have shown that treatment of C2C12 myoblast-like cells with TNF-α were results in the loss of MyoD1 and myogenin proteins, and the inhibition of myotube formation. TNF-α further inhibits myogenesis by inducing the expression of nitric oxide synthase and the production of nitric oxide through the NF-kB pathway, which binds to the promoter site of MyoD1 and downregulates myogenic transcription, leading to a reduction in MyoD1 expression and activity. [43, 44] Differences are thought to relate to the concentration of TNF-α used. A low concentration, 0.05 ng/ml, increased the activity and expression of p38, myogenin, and main histocompatibility complex, however, concentrations of 0.5-5 ng/ml had an inhibitory effect. Therefore, whether TNF-α has a stimulatory or inhibitory effect in muscle regeneration is concentration dependent. Low concentrations have a physiological effect and stimulate muscle regeneration; high concentrations have a pathological effect and inhibit muscle regeneration, which agreed with our findings. Our data showed that dandelion extract enhanced the proliferation of skeletal muscle cells at a concentration of 5 mg/ml, but inhibited it at a concentration of 40 mg/ml. In vivo study demonstrated that TNF-α is chemotactic to myoblasts and can promote satellite cell mitosis, suggesting a direct effect of TNF-α in muscle regeneration. [45] It has been suggested that TNF-α is not only an enhancement factor that initiates the proliferation of satellite cells, but also a sensory factor that promotes satellite cell entry into the cell cycle and hence the repair of muscle damage. Our results show that an appropriate concentration (5 mg/ml) of dandelion extract can partially inhibit the expression and secretion of TNF-α, and also could promote the myogenic factors such as myogenin and MyoD1, which may be related to the enhancement of skeletal muscle cell proliferation. That is, the dandelion extract at a concentration of 5 mg/ml can appropriately inhibit the expression of TNF-α, promote myogenic factors and then increase muscle cell proliferation.
In this study, we found that dandelion extract may exert some of its anti-inflammatory effects by affecting the activity of AKT in LPS-induced inflammatory reaction in skeletal muscle cells of rat. Although AKT activation is crucial for the recovery phase after skeletal muscle injury, moreover, dandelion extract can inhibit AKT in muscle cells after LPS induced. The mechanisms of dandelion extract in muscle cells without the effect of LPS are not clear; thus, the mechanisms need to be clarified in the future. As this is a preliminary study, we have not yet investigated the potential signaling pathways involved in the inflammatory process in skeletal muscle cells, so cannot elucidate the mechanism by which dandelion extract suppressed inflammation. We also did not examine the role of myogenic factors such as MyoD and myogenin in the promotion of skeletal muscle cell proliferation by the extract.
Taken together, our findings showed that dandelion extract can enhance the proliferation and activity of rat skeletal muscle cells and LPS can inhibit cell activity and proliferation. As mentioned earlier, dandelion can inhibit the expression of inflammatory cytokines, including IL-1β, IL-6, and TNF-α and promote the expression of myogenic cytokines, such as myogenin and MyoD1, suggesting that the TCM may have a synergistic effect to promote cell proliferation and alleviate the inflammatory response in the process of relieving DOMS. TNF-α may be the key cytokine in this synergistic effect. This study provides a potential direction for further investigations into the role of dandelion extract in rat skeletal muscle cells and suggests that dandelion is a promising drug for the treatment of skeletal muscle injury. 
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